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Background: Public health pesticides has been the mainstay control of vectors of malaria and other diseases, and
public health pests, but there is increasing concern over how these pesticides are being managed. Poor pesticide
management could lead to risks to human health and the environment, or diminish the effectiveness of
interventions. Strategies for strengthening the management of public health pesticides, from manufacture to
disposal, should be evaluated to propose future directions.
Methods: The process and outcomes of three strategies were studied in five regions of the WHO (African Region,
Eastern Mediterranean Region, South-East Asia Region, Western Pacific Region, and American Region) and 13
selected countries. These strategies are: regional policy development, in-depth country support and thematic
support across countries.
Results: Consensus, frameworks and action plans on public health pesticide management were developed at
regional level. Country support for situation analysis and national action planning highlighted weaknesses over the
entire spectrum of pesticide management practices, mainly related to malaria control. The thematic support on
pesticide quality control contributed to structural improvements on a priority issue for malaria control across
countries.
Conclusions: The three strategies showed promising and complementary results, but guidelines and tools for
implementation of the strategies should be further improved. Increased national and international priority should
be given to support the development of policy, legislation and capacity that are necessary for sound management
of public health pesticides.Background
Malaria and other vector-borne diseases, notably dengue,
lymphatic filariasis, leishmaniasis, and Chagas disease,
together with domestic pests, continue to be a major
problem for global public health [1], causing immense
suffering and preventing people from escaping poverty.
Vector control, aiming to reduce vector populations or
vector-human contact, plays a major role in the preven-
tion, control or elimination of malaria and most other
vector-borne diseases [2,3].* Correspondence: yadavraj@who.int
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article, unless otherwise stated.The use of public health pesticides (i.e. vector control
pesticides, household insecticides, and professional pest
management pesticides [4]) has been the mainstay con-
trol of vectors of malaria and other diseases, and other
pests, in or around human habitation [5,6]. However,
there is increasing concern over how these pesticides are
being managed, particularly in resource-poor countries.
Poor pesticide management could pose risks to human
health and the environment, or reduce the effectiveness
of interventions. Recent reports have indicated an un-
regulated trade in substandard pesticide products [7,8],
rapid development of insecticide resistance in malaria
vector populations [9-11], and the existence of large
stockpiles of obsolete vector control insecticides [12].entral Ltd. This is an Open Access article distributed under the terms of the
/creativecommons.org/licenses/by/4.0), which permits unrestricted use,
, provided the original work is properly credited. The Creative Commons Public
mons.org/publicdomain/zero/1.0/) applies to the data made available in this
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tions such as indoor residual spraying and long-lasting
insecticidal nets for malaria control have, in many coun-
tries, led to insecticide resistance, leaving programmes
with a reduced number of available insecticide options.
An additional problem is that the capacity for evidence-
based decision making on vector control interventions is
weak in many countries, leading to suboptimal interven-
tions and waste of valuable resources [13,14].
Integrated vector management, defined as a rational
decision-making process for the optimal use of resources
for vector control, is being promoted by the World
Health Organization (WHO) as the preferred approach
for increasing the efficiency, effectiveness, sustainability,
and environmental soundness of vector control [15,16].
Several examples of IVM exist [13,17-19]. The integrated
vector management approach applies equally to the con-
trol of domestic pests. As insecticides have a dominant
role in current strategies of vector and pest control,
there is a significant overlap between pesticide manage-
ment and integrated vector management. Hence, im-
provement in how insecticides are being selected, used
and evaluated will have immediate benefits for the control
of vectors and pests. This elementary role of pesticide
management for achieving health outcomes (e.g. reduction
in pesticide poisoning, reduction in malaria incidence)
deserves increased attention in advocacy at national and
international level.
The International Code of Conduct on Pesticide
Management (referred to as: Code of Conduct) provides a
voluntary and globally accepted standard for effective life-
cycle management of agricultural and public health pesti-
cides [20]. The life-cycle concept of pesticide management
refers to the legislation, regulatory control and practices
related to all stages of a pesticide’s life, from manufacture
and import to use and disposal. However, a global survey
has indicated that the basic standards, rules and practices
needed to effectively and safely manage public health pes-
ticides are not in place in a large segment of vector-borne
disease-endemic countries [21,22]. Low priority given to
capacity building and regulation on pesticide management
has been attributed to the lack of awareness of policy
makers and advisors about the risks of pesticides [23].
This underscores the need for awareness raising and cap-
acity building at country level. A clear gap in implementa-
tion of the Code of Conduct was demonstrated between
higher and lower income countries, with lower income
countries lagging behind considerably [24].
In recent years, there has been increased global sup-
port for policy and programmes on pesticide manage-
ment. In 2010, the World Health Assembly adopted
Resolution WHA 63.26, which urges Member States, in-
ter alia, to adopt or strengthen sound national policies
and legislation on safe handling and disposal of obsoletepesticides and to establish or strengthen capacity for the
regulation of the sound management of pesticides through-
out their life cycle [25]. Moreover, the Bill & Melinda
Gates Foundation (BMGF) funded a global initiative dedi-
cated to improve the management of public health pesti-
cides [26].
The objective of this paper is to examine three available
strategies for strengthening the management of public
health pesticides, review their outcomes and propose
future directions. As far as known to the authors, no
previous studies have addressed this topic.
Methods
Several strategies are presented for strengthening public
health pesticide management (Figure 1). At the global
level, support is needed on internationally agreed standards,
which include guidelines and pesticide specifications; this
strategy which is a core mandate of the WHO Pesticide
Evaluation Scheme is presented in a separate contribution
(van den Berg H, Yadav RS, Zaim M: Setting international
standards for the management of public health pesticides:
where are we now?, submitted). The international stan-
dards are needed to assist individual countries in their legis-
lation, regulation and practices of pesticide management.
This paper concentrates on strategies at regional level and
country level.
Strategies of regional policy development, individual
country support, and thematic support across countries,
had been developed by WHO in preparation of the
BMGF project, based on the outputs of previous con-
sultation meetings and based on the results of an earlier
survey [27]. Workable strategies other than those pre-
sented here are not known to the authors.
Regional policy development
Policy development at the regional level is a strategy
aiming to raise awareness and political commitment on
public health pesticide management among countries. A
regional policy has potential to influence policy develop-
ment in a large number of countries. In accordance with
the recommendations under Resolution WHA 63.26 [25],
consultation workshops were organized by the WHO in
its American, African, Eastern Mediterranean, Southeast
Asia and Western Pacific Regions, with member-country
representation, in order to raise awareness, explore chal-
lenges, barriers and opportunities, build consensus, and
develop regional policy on public health pesticide manage-
ment. The workshops followed a process of reviewing the
results of the aforementioned global survey on public
health pesticide management, identification of the
challenges to pesticide management in the region, and
development of a consolidated document to guide the
improvement of pesticide management in the region,
particularly related to malaria vector control.
Figure 1 Strategies for strengthening pesticide management. Diagram showing four strategies, indicated as A-D.
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with or at risk of major vector-borne diseases [28], 12
priority countries were selected by WHO for capacity
strengthening activities under the BMGF Project: Cameroon,
Gambia, Kenya, Madagascar, Mozambique, Tanzania
(WHO African Region), Morocco, Sudan (WHO Eastern
Mediterranean Region), Thailand (WHO Southeast Asia
Region), Cambodia (WHO Western Pacific Region),
Ecuador, and Guatemala (WHO American Region). The
selection of countries was based on criteria of vector-
borne disease burden, amounts of insecticide used, and
commitment to reinforce pesticide management capacity.
As 13th country, Oman government officials participated
in the activities using their own financial resources.
At country level, two separate strategies were identified:
in-depth support for situation analysis and action planning
according to the individual country’s context; and the-
matic support provided across a number of countries.
Individual country support
Country-level situation analysis of the existing legal, in-
stitutional, technical, and administrative conditions was
selected as strategy because it was seen as first step to-
wards developing a national action plan for improving
public health pesticide management. In the period 2008-
11, each of the 13 selected countries, which are indicated
above, was assisted by WHO in conducting a compre-
hensive assessment on their situation on public health
pesticides, using existing methods on situation analysis
[29]. Briefly, the methods involved the gathering and
analysing of information in response to detailed ques-
tions on a range of components, including legislativecontrol, legal instruments, pesticide use, pesticide man-
agement practices, participation in international conven-
tions, and financial resources for pesticide management.
The Code of Conduct and WHO guidelines on pesticide
management [4] were used as reference documents to
assist in the identification of shortfalls.
To carry out a situation analysis, each country estab-
lished a task force with representatives from the main im-
plicated ministries. This task force conducted workshops
with stakeholders from other ministries, civil society and
the private sector to solicit inputs and prioritize a number
of key issues as topics to be addressed in national action
plans. Documentation of the situation analysis was per-
formed by national experts.
Thematic support across countries
For certain aspects of pesticide management that are a
known problem in various countries, a strategy was used
for providing thematic support across countries. Previous
consultation meetings organized by WHO had singled out
pesticide quality control as a priority issue in pesticide
management that could practicably be addressed by stan-
dardized capacity building activities across countries. Sub-
standard, counterfeit and adulterated pesticides, are of
major concern to developing countries, posing safety
risks and undermining effectiveness of malaria control
interventions. Data on the quality of traded products
are mostly absent because countries generally lack the
equipment, facilities and training for pesticide quality
control [21,22].
In the period 2009-2011, support was given to 12 selected
countries (Oman did not meet the selection criteria) by
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with use of training methods and training courses. In-
country chemical laboratories were assessed for their
capacity for pesticide quality control, or for their role as
national reference laboratory, using existing criteria [30].Results
Regional policy development
The regional consultations have highlighted the urgency
of, and strengthened consensus building on the develop-
ment of regional policies or action plans on sound pesti-
cide management, with main focus on malaria control. As
outcomes of these consultations, frameworks and action
plans have been developed in several WHO regions, with
objectives addressing legislation, registration, management,
quality control, and application (Table 1). These results
have been shared with relevant WHO advisory committees
for development of priority actions.Table 1 Outcomes of regional policy consultations
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tions have demonstrated the interest and willingness
among country representatives to tackle the problems
encountered in the life-cycle management of public
health pesticides. The impact of these regional outcomes
in terms of policy development and political commit-
ment at country level should be tracked in the years
ahead. As a first spin-off of the activities in the African
Region, national policies on public health pesticide man-
agement in support of malaria control have recently
been developed in the Gambia, Madagascar, Mali, and
Sierra Leone.Figure 2 Country priorities. Main topics occurring in national
action plans on public health pesticide management of twelve
countries (data from all but one of the selected countries).Individual country support
The results of the situation analysis from the 13 selected
countries showed shortcomings and gaps in pesticide
management over the entire spectrum of pesticide man-
agement practices, with considerable differences between
countries. Most countries had inadequate legislation on
procurement, transport, storage and disposal of public
health pesticides. A number of countries did not have ap-
propriate stock management capacity, storage facilities or
disposal mechanisms for public health pesticides, and
lacked guidelines on procurement, transport, storage, use,
and waste disposal of public health pesticides. Countries
reported inadequate capacity or guidelines for assessment
of registration dossiers on public health pesticides. Only
half of the countries reported having a fully operational,
quality control laboratory to analyse public health pesti-
cides. Moreover, countries reported poor intersectoral co-
ordination on public health pesticides, and a lack, or
inadequate implementation, of national policy on inte-
grated vector management and pesticide management.
The outputs of the situation analysis were subsequently
used by countries to identify requirements and to develop
a national action plan to strengthen the management of
public health pesticides. Each national action plan incor-
porated a number of key topics (eight on average). Topics
most commonly selected by countries were: regulatory
control, pesticide quality control, disposal and waste, moni-
toring of pesticide poisoning or exposure, use application,
legislation, and storage and transport (Figure 2). Pesticide
quality control was selected as key topic in 11 out of 12
countries, which justifies the selection of this topic for the-
matic support across countries. Budgets attached to na-
tional action plans ranged from US$0.01 m-2.7 m per
country (median US$1.04 m), spread over one or two
years. It is unlikely that these funds, much of which was
needed for training and equipment, will be available from
national sources. Hence, most countries will require
additional support for implementation of their action
plan in support of their programmes on malaria control
or elimination.Thematic support across countries
Thematic support provided to 12 countries has highlighted
the primary weaknesses on the topic of pesticide quality
control and contributed to human resources development
on pesticide specification. To meet the standards set by
the Food and Agriculture Organization (FAO) and WHO,
pesticide quality control should comprise the identifica-
tion of active ingredient and determination of the content
of active ingredient; determination of physical-chemical
properties of pesticide formulations; and determination of
levels of relevant impurities [40]. The assessments in the
12 countries revealed that functional laboratories for pesti-
cide quality control were few. The existing laboratories
showed various deficiencies, whereas national reference
laboratories still needed to be established in many coun-
tries. Most of the existing laboratories were capable to
perform basic tests, e.g., on active ingredients, but not to
perform work on physical-chemical properties or on
relevant impurities. The assessments pinpointed where
improvements will be needed in terms of equipment,
infrastructure, quality assurance systems, and regular
training to enable full quality control of pesticides in
countries according to FAO/WHO specifications.
A major problem is that in a number of countries,
quality control laboratories are concentrating on agricul-
tural pesticides and do not include public health pesti-
cides. This problem is compounded by the fact that
pesticide legislation in some countries does not include
public health pesticides [21]. Quality control schemes
are very similar for all pesticides, irrespective of their
end use. Therefore, collaboration on quality control and
legislation between sectors of health and agriculture
should be established to make efficient use of available
national resources.
van den Berg et al. Malaria Journal 2014, 13:368 Page 6 of 9
http://www.malariajournal.com/content/13/1/368To support the selected countries in their establish-
ment of national quality standards for public health pes-
ticides, three-day training courses on the use of FAO/
WHO specifications for public health pesticides were
carried out in each of the 12 countries for registration
authorities and chemical laboratory staff [41]. The cur-
riculum with group exercises covered specifications for
technical grade active ingredients, formulations, relevant
impurities, and determination of equivalence, using the
FAO/WHO training manual on specifications [41].
The thematic support on pesticide quality control has
made an important step towards structural improvements
across 12 countries, through assessment of laboratories
and training on pesticide specifications. Nevertheless, there
is still a long way to go in human resources development
in the selected countries, for example, through on-the-job
training on the actual laboratory procedures. Also, com-
plex laboratory work, such as the determination of equiva-
lence of technical grade active ingredients, will require
cooperation with specialist chemists and toxicologists who
should establish the impurity profiles or evaluate hazard
profiles of the products. Such expertise may be lacking or
inadequate in most countries. To increase the prospects
for improvement, it has been suggested that laboratories
should link or collaborate with other laboratories, for ex-
ample through the global network of the Collaborative
International Pesticides Analytical Council [42]. Moreover,
for small or resource-poor countries, it could be preferable
to establish laboratory capacity at sub-regional or regional
level, so as to make more efficient use of available re-
sources and expertise through work sharing between
countries [21]. As an example, in some regions there is
high participation of countries in regional pesticide regis-
tration schemes, such as the Central Africa Inter-State
Pesticides Committee [43].
Discussion
The shortcomings in public health pesticide manage-
ment as identified by the 13 selected countries are most
likely undermining the effectiveness and safety of pesti-
cides. Moreover, previous results have indicated that the
shortcomings are widespread across malaria-endemic
countries and regions [21,22]. It will be a major chal-
lenge for countries to strengthen their policy, legislation
and capacity necessary to enable the implementation of
the existing global standards on public health pesticide
management. The presented strategies of regional policy
development, in-depth country support, and thematic
support across countries, provide valuable lessons for
reinforcing and expanding the international support to
countries in need. The support should be provided within
the context of IVM, where pesticides are not seen as the
only option for vector control [15]. The three strategies
are expected to increase capacity needed for IVM byimproving country-level decisions on selection and use of
vector control insecticides.
The strategy of regional policy development resulted
in consensus building and/or policy statements among
country representatives in five WHO regions. The out-
comes were most advanced in the Eastern Mediterranean
Region, where a resolution and a regional action plan were
adopted. In general, the regional consultations have raised
awareness among country representatives about the ur-
gency of sound public health pesticide management.
Moreover, the published frameworks, guidelines and
resolutions are expected to uplift the issue on the national
political agenda. The regions took different approaches to
strengthening policy on public health pesticide manage-
ment, either to develop a regional policy (with or without
framework) or guidelines for policy making at country
level. It would seem appropriate that regional policy is ac-
companied by a guidelines document, and vice versa, in
order to raise pesticide management on the regional
agenda while also providing the methods to facilitate pol-
icy development at country level.
Clearly, regional policy development should not be a
stand-alone activity but must be supplemented by coun-
try support, lest the regional policy may not be adopted
and implemented. In turn, it is expected that country
support for pesticide management will be more fruitful
if endorsed by a regional policy. Continued monitoring
on the implementation of regional frameworks and ac-
tion plans by individual countries is required in the years
ahead.
The multifaceted situation, with various shortcomings
in pesticide life-cycle management per country and with
context-specific differences between countries, demands
a systematic and well-targeted approach to supporting
individual countries. In this respect, the strategies of in-
depth country support and thematic support across coun-
tries appeared to be complementary, by addressing each
country’s context while also prioritizing common prob-
lems among countries. The in-depth support for situation
analysis and action planning according to each country’s
unique context of legislative, institutional and biological
factors has demonstrated to be a vital starting point, but
demands considerable investment of time and energy.
The exercise contributed to an increased awareness
among key stakeholders about the deficiencies in pesti-
cide management. However, the large number of short-
comings identified by individual countries resulted in
the development of rather ambitious and unfocused na-
tional action plans that would be difficult to accomplish
unless further priority setting is conducted. Conse-
quently, the existing methods on situation analysis need
revision to provide clearer indicators for use in situation
analysis and tools to aid in prioritization, needs assessment
and action planning [29]. Countries should be supported,
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mobilization of resources.
The results of thematic support on pesticide quality
control demonstrated how a prioritized issue can be ef-
ficiently and effectively addressed across a number of
countries to achieve tangible results. This strategy de-
pends largely on the availability of standard methods
and tools and on international expert inputs. As a strategy,
however, the thematic support could be further strength-
ened, for example, by setting criteria for the selection of
themes and countries, and by conducting feasibility stud-
ies at baseline.
Both country-level strategies (in-depth support and
thematic support) will present well-defined options for
donor funding and programmatic response. For example,
thematic support of West African countries on insecti-
cide resistance monitoring of malaria vectors will consti-
tute a viable package for external funding. Alternatively,
disposal of obsolete pesticides could be efficiently imple-
mented across countries, following the example of the
Africa Stockpiles Programme [44]. At individual country
level, in-depth analysis and planning on pesticide man-
agement could be appropriate as stand-alone project or
for incorporation into new or ongoing development
programmes. Also, countries should require suppliers
or manufacturers of pesticides to contribute towards
sound pesticide management of their products, for ex-
ample, by stipulating stewardship support for quality con-
trol in public tenders for procurement of pesticides.
Every strategy should emphasize a multisectoral ap-
proach, because many pesticides are used in more than
one sector, and the life-cycle management of a pesticide
generally involves the actions of several sectors. Also, it
is important to bear in mind that the global insecticide
use for vector control constitutes is only a minor frac-
tion of the global consumption of insecticides (1.5% of
total) or pesticides (0.3% of total) [6,45]. Household in-
secticides are estimated to take up between 5 and 10%
of the total global insecticide market [46]. The lion’s
share of all pesticides is for use in agriculture.
Intersectoral coordination should aim to harmonize le-
gislation and practices across sectors. The experiences
from the 13 selected countries showed that coordination
between sectors was weak at baseline but recent task
forces and workshops brought together the stakeholders
from several sectors to share information, conduct situ-
ation analyses and develop common action plans on pesti-
cide management. Future work should capitalize on these
achievements. In line with a multisectoral approach, the
external support provided at global and country level
should be coordinated between specialized international
organizations. Several organizations, notably WHO and
FAO, together with industry and research institutions,
have recently strengthened their collaboration at globallevel through the development of guidelines and stan-
dards on pesticide management (van den Berg H, Yadav
RS, Zaim M: Setting international standards for the
management of public health pesticides: where are we
now?, submitted). However, the international organizations
need to improve their coordination and collaboration in
their support on pesticide management to individual coun-
tries in need.
Thus far, the WHO has taken a lead in providing
country support on public health pesticide management
in collaboration with FAO [26]. Indeed, several compo-
nents of public health pesticide management are specific
to the health sector and are commonly implemented by
disease control programmes. This refers to pesticide pro-
curement, application and monitoring of insecticide resist-
ance. However, the other components of public health
pesticide management overlap with those of pesticides
used in other sectors, predominantly agriculture, in a
number of ways.
In most countries, legislation covers all pesticides. Also,
registration is commonly conducted by one central au-
thority, in accordance with the Code of Conduct [8,20].
Likewise, quality control facilities generally cover all pesti-
cides, to make efficient use of available resources. Never-
theless, a number of countries still have legislation that
does not cover public health pesticides; have more than
one registration authorities; or have pesticide quality con-
trol that does not include public health products [21]. Sev-
eral other components of pesticide management that
would ideally cover all pesticides are: monitoring of expos-
ure and poisoning, disposal, public education, information
exchange and Regional cooperation.
Considering the tasks ahead, future support for cap-
acity building at country level should be coordinated
and shared between the international agencies, noting
their technical capacity and resources. WHO, FAO and
UNEP should intensify their collaboration in providing
policy options, shaping research agendas and providing
international technical support in the life-cycle manage-
ment of pesticides.Conclusions
Weaknesses in the management of public health pesti-
cides are widespread in countries endemic with malaria
or other vector-borne diseases, and will adversely influ-
ence the effectiveness and safety of how the pesticides
are used, distributed, stored, or disposed. Therefore, in-
creased priority must be given by governments, inter-
national agencies and donors to invest in strategies that
support countries in the development of policy, legisla-
tion and capacity necessary for sound management prac-
tices for public health pesticides. Future support should
build on the available evidence and recent achievements
van den Berg et al. Malaria Journal 2014, 13:368 Page 8 of 9
http://www.malariajournal.com/content/13/1/368to achieve tangible improvements in public health pesti-
cide management where most needed.
The study results indicated that regional policy devel-
opment, in-depth country support for situation analysis,
and thematic support across countries are three promis-
ing and largely complementary strategies for strengthen-
ing public health pesticide management. Nevertheless,
the methods and tools used in these strategies need
further improvements. Each strategy should emphasize
a multisectoral approach aiming to harmonize legisla-
tion and practices across sectors. Accordingly, special-
ized international organizations, notably FAO, UNEP
and WHO, should coordinate and collaborate in pro-
viding country-level support.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
HvdB analysed and interpreted the data and drafted and revised the
manuscript. RSY and MZ conceptualized the study, contributed to the
analysis and interpretation of data and to revising of the manuscript. All
authors read and approved the final manuscript.
Acknowledgements
This study was supported by the Bill & Melinda Gates Foundation (grant
45312) to the World Health Organization. The authors wish to thank WHO
consultants, WHO Regional and country office staff and national programme
managers from the countries participating in this study.
Author details
1Laboratory of Entomology, Wageningen University, PO Box 8031,
Wageningen 6700EH, the Netherlands. 2Vector Ecology and Management,
Department of Control of Neglected Tropical Diseases, World Health
Organization, Geneva, Switzerland.
Received: 18 July 2014 Accepted: 12 September 2014
Published: 18 September 2014
References
1. WHO: The Global Burden of Disease: 2004 Update. Geneva: World Health
Organization; 2008.
2. WHO: World Malaria Report: 2012. Geneva: World Health Organization; 2012.
3. WHO: Working to Overcome the Global Impact of Neglected Tropical Diseases.
Geneva: World Health Organization; 2010. http://whqlibdoc.who.int/
publications/2010/9789241564090_eng.pdf.
4. WHO: Guidelines on the Management of Public Health Pesticides. Document
WHO/CDS/WHOPES/2003.7. Geneva: World Health Organization; 2003.
5. Dhang P: Urban Pest Management: An Environmental Perspective. Wallingford:
CAB International; 2011.
6. van den Berg H, Zaim M, Yadav RS, Soares A, Ameneshewa B, Mnzava A,
Hii J, Dash AP, Ejov M: Global trends in the use of insecticides to control
vector-borne diseases. Environ Health Perspect 2012, 120:577–582.
7. Rother HA: Falling through the regulatory cracks: street selling of
pesticides and poisoning among urban youth in South Africa. Int J Occup
Environ Health 2010, 16:202–213.
8. Matthews G, Tan SH, van der Valk H, Ameneshewa B, Mnzava A, Dash AP,
Hii J, Aultman K, Yadav RS, Zaim M: Problems confronting management of
public health pesticides. Int Pest Control 2010, 52:250–254.
9. Yewhalaw D, Wassie F, Steurbaut W, Spanoghe P, Van Bortel W, Denis L,
Tessema DA, Getachew Y, Coosemans M, Duchateau L: Multiple insecticide
resistance: an impediment to insecticide-based malaria vector control
program. PLoS One 2011, 6:e16066.
10. Ranson H, N’Guessan R, Lines J, Moiroux N, Nkuni Z, Corbel V: Pyrethroid
resistance in African anopheline mosquitoes: what are the implications
for malaria control? Trends Parasitol 2011, 27:91–98.11. Ranson H, Burhani J, Lumjuan N, Black WC: Insecticide resistance in
dengue vectors. TropIKAnet 2008, 1:1.
12. UNEP: National Implementation Plans. Geneva: Secretariat of the Stockholm
Convention on Persistent Organic Pollutants; 2013. http://chm.pops.int/
Implementation/NIPs/NIPSubmissions/tabid/253/Default.aspx.
13. Beier JC, Keating J, Githure JI, Macdonald MB, Impoinvil DE, Novak RJ:
Integrated vector management for malaria control. Malar J 2008, 7:S4.
14. Mnzava A, Williams J, Bos R, Zaim M: Implementation of integrated vector
management for disease vector control in the Eastern Mediterranean:
where are we and where are we going? Eastern Mediterr Health J 2011,
17:453–459.
15. WHO: Handbook for Integrated Vector Management. WHO/HTM/NTD/VEM/
2012.3. Geneva: World Health Organization; 2012. Available: http://whqlibdoc.
who.int/publications/2012/9789241502801_eng.pdf.
16. WHO: Global Strategic Framework for Integrated Vector Management. WHO
Document WHO/CDS/CPE/PVC/2004.10. Geneva: World Health Organization;
2004.
17. Cameron MM, Bell M, Howard AFV: Integrated vector management. In
Biological and Environmental Control of Disease Vectors. Edited by Cameron
MM, Lorenz LM. Wallingford: CAB International; 2013:175–189.
18. Chanda E, Masaninga F, Coleman M, Sikaala C, Katebe C, MacDonald M,
Baboo KS, Govere J, Manga L: Integrated vector management: the
Zambian experience. Malar J 2008, 7:164.
19. van den Berg H, Velayudhan R, Ebol A, Catbagan BHG, Turingan R, Tuso M,
Hii J: Operational efficiency and sustainability of vector control of
malaria and dengue: descriptive case studies from the Philippines. Malar
J 2012, 11:269.
20. FAO: International Code of Conduct on Pesticide Management. Rome: Food
and Agriculture Organization; 2013. http://www.who.int/whopes/
recommendations/who_fao_guidelines/en/.
21. Matthews G, Zaim M, Yadav RS, Soares A, Hii J, Ameneshewa B, Mnzava A,
Dash AP, Ejov M, Tan SH, van den Berg H: Status of legislation and
regulatory control of public health pesticides in countries endemic with
or at risk of major vector-borne diseases. Environ Health Perspect 2011,
119:1517–1522.
22. van den Berg H, Hii J, Soares A, Mnzava A, Ameneshewa B, Dash AP, Ejov M,
Tan SH, Matthews G, Yadav RS, Zaim M: Status of pesticide management
in the practice of vector control: a global survey in countries at risk of
malaria or other major vector-borne diseases. Malar J 2011, 10:125.
23. WHO: Capacity Strengthening for Sound Management of Pesticides. Report of
a Workshop, 25-29 January 2010, Nairobi, Kenya. WHO/HTM/NTD/WHOPES/
2010.3. Harare: World Health Organization, Regional Office for Africa; 2010.
http://whqlibdoc.who.int/hq/2010/WHO_HTM_NTD_WHOPES_2010.3_
eng.pdf.
24. FAO: Regular Monitoring Report, 2008. International Code of Conduct on the
Distribution and Use of Pesticides. Rome: Food and Agriculture Organization
of the United Nations; 2010.
25. WHO: Sixty-third World Health Assembly, Geneva 17-21 May 2010, Resolutions
and Decisions. WHA63/2010/REC/1. Geneva: World Health Organization; 2010.
26. WHO: Reducing Health Risks Through Sound Management of Pesticides: Project
Report. Document WHO/HTM/NTD/WHOPES/2013.2. Geneva: World Health
Organization; 2013.
27. WHO: Public Health Pesticide Management Practices by WHO Member States.
Report of a Survey 2003-2004. WHO/CDS/WHOPES/GCDPP/2004.7. WHO Pesti-
cide Evaluation Scheme (WHOPES). Geneva: World Health Organization; 2004.
28. WHO: Public Health Pesticide Registration and Management Practices by WHO
Member States. Report of a Survey 2010. Control of Neglected Tropical
Diseases. Pesticide Evaluation Scheme. WHO/HTM/NTD/WHOPES/2010. Geneva:
World Health Organization; 2011.
29. WHO: Guidelines on Situation Analysis for Public Health Pesticide Management.
WHO/CDS/WHOPES/GCDPP/2005.12. Geneva: World Health Organization;
2005.
30. CIPAC/FAO/WHO: Quality Control of Pesticide Products: Guidelines for National
Laboratories. WHO/CDS/WHOPES/GCDPP/2005.15. Geneva: Collaborative
International Pesticide Council, Food and Agriculture Organization of the
United Nations, and World Health Organization; 2005. http://whqlibdoc.
who.int/hq/2005/WHO_CDS_WHOPES_GCDPP_2005.15.pdf.
31. WHO: Guidelines on Public Health Pesticide Management Policy for the WHO
African Region. WHO/HTM/NTD/WHOPES/2011.2. Geneva: World Health
Organization; 2011. http://whqlibdoc.who.int/publications/2011/
9789241501231_eng.pdf.
van den Berg et al. Malaria Journal 2014, 13:368 Page 9 of 9
http://www.malariajournal.com/content/13/1/36832. WHO/PAHO: Antigua Charter on Sound Management of Public Health
Pesticides. PAHO Regional Advisory Meeting on Sound Management of Public
Health Pesticides, Guatemala, 23-25 August 2011. Washington DC: WHO
Regional Office for the Americas; 2011.
33. WHO: Managing the use of Public Health Pesticides in the Face of the
Increasing Burden of Vector-Borne Diseases. Resolution EM/RC58/R.10. Cairo:
WHO Regional Office for the Eastern Mediterranean; 2011.
34. WHO: Framework for Action on the Sound Management of Public Health
Pesticides in the Eastern Mediterranean Region, 2012-2016. WHO-EM/MAL/367/
E. Cairo: WHO Regional Office for the Eastern Mediterranean Region; 2012.
35. WHO: Guidelines on Public Health Pesticide Management Policy. SEA-CD-214.
New Delhi: World Health Organization, Regional Office for South-East Asia;
2010. http://www.who.int/whopes/resources/SEA_CD_214.pdf.
36. WHO: Draft Regional Framework for Action on the Sound Management of
Public Health Pesticides in the Western Pacific, 2012-2016. In Meeting Report of
the Regional Consultation on Sound Management of Public Health Pesticides
in the Western Pacific, Kuala Lumpur, Malaysia, 12-14 September 2011. Manila:
WHO Western Pacific Regional Office; 2012.
37. WHO/EMRO: Managing the Use of Public Health Pesticides in the Face of the
Increasing Burden of Vector-borne Diseases. Resolution EM/RC58/R.10. Cairo:
World Health Organization, Regional Committee for the Eastern
Mediterranean; 2011.
38. WHO/EMRO: Framework for Action on the Sound Management of Public
Health Pesticides in the Eastern Mediterranean Region, 2012-2016. WHO-EM/
MAL/367/E. Cairo: World Health Organization. Regional Office for the Eastern
Mediterranean; 2012.
39. WHO/WPRO: Report of the Regional Consultation on Sound Management of
Public Health Pesticides in the Western Pacific. Kuala Lumpur, Malaysia, 12-14
September 2011. Manila: Western Pacific Regional Office of the WHO; 2011.
40. FAO/WHO: Manual on Development and Use of FAO and WHO Specifications for
Pesticides. March 2006 Revision of the First edition. FAO/WHO Joint Meeting on
Pesticide Specifications (JMPS). Rome and Geneva: Food and Agriculture
Organization of the United Nations & World Health Organization; 2006. http://
whqlibdoc.who.int/publications/2006/9251048576_eng_update_2006.pdf.
41. WHO: Specifications for Pesticides: A Training Manual. Participant’s Guide.
WHO/HTM/NTD/WHOPES/2008.2a. Geneva: World Health Organization; 2008.
42. CIPAC: Collaborative International Pesticides Analytical Council. Collaborative
International Pesticides Analytical Council; 2013. www.cipac.org.
43. CPAC: Central Africa Inter-State Pesticides Committee. Yaounde, Cameroon:
2014. http://www.cpac-cemac.org/actu_fr.php?idm=1&idcat=9.
44. Curtis C, Olsen CP: The Africa Stockpiles Programme: cleaning up
obsolete pesticides; contributing to a healthier future. Ind Environ 2004,
27:37–38.
45. Grube A, Donaldson D, Kiely T, Wu L: Pesticides Industry Sales and Usage:
2006 and 2007 Market Estimates. Washington DC: United States
Environmental Protection Agency; 2011.
46. WHO: Draft Guideline Specifications for Household Insecticide Products: Report
of the WHO Informal Consultation, 3-6 February 1998. CTD/WHOPES/IC 98.3.
Geneva: World Health Organization; 1998. http://www.who.int/iris/handle/
10665/63956.
doi:10.1186/1475-2875-13-368
Cite this article as: van den Berg et al.: Strengthening public health
pesticide management in countries endemic with malaria or other
major vector-borne diseases: an evaluation of three strategies. Malaria
Journal 2014 13:368.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
